Turvey, 2 ABSTRACT For Critically Endangered "species of extreme rarity", there is an urgent 25 need to clarify the potential survival of remnant populations. Such populations can be 26 difficult to detect using standard field methods. Local ecological knowledge (LEK) 27
represents an important alternative source of information, but anecdotal reports of rare 28 or possibly extinct species can contain uncertainty and error. The Hainan gibbon 29 (Nomascus hainanus), the world's rarest primate species, is confirmed to only survive 30 as a tiny remnant population in Bawangling National Nature Reserve, China, but 31 unverified gibbon sightings have been reported from other forest areas on Hainan. We 32 conducted a large-scale community interview survey to gather new data on patterns of 33 primate LEK from 709 respondents around 7 reserves across Hainan, to investigate 34 the possibility of gibbon survival outside Bawangling and assess whether LEK can 35 provide useful information for conservation management of cryptic remnant 36 populations. Comparative LEK data for gibbons and macaques are consistent with 37 independent data on the relative status of these species across Hainan. Local 38 awareness and experience of gibbons was low across Hainan, including at 39
Bawangling, but we recorded recent anecdotal gibbon reports from most reserves. A 40 follow-up field survey at Limushan Provincial Nature Reserve did not detect gibbons, 41 however, and documented intensive wildlife exploitation within this reserve. All other 42 surveyed landscapes showed some statistically lower levels of respondent awareness, 43 experience, or sighting histories of gibbons compared to Bawangling, and are 44 therefore considered biologically unlikely to support gibbons. Unverified LEK data 45 can provide important insights into the possible status of cryptic remnant populations 46
when assessed carefully and critically in relation to data from known populations. 47
INTRODUCTION 50
Effective conservation management of threatened species requires a robust, evidence-51 based understanding of key population parameters such as abundance and geographic 52 distribution [Sutherland et al., 2004; Segan et al., 2011] . For Critically Endangered 53 "species of extreme rarity" reduced to tiny remnant populations at very high risk of 54 extinction [Groombridge et al., 2004] , there is an urgent need to identify all surviving 55 individuals and clarify the demographic status or potential survival of isolated 56 populations, to ensure effective maintenance of genetic diversity and protection 57 against both anthropogenic threats and stochastic extinction processes. There is 58 continued debate over whether general spatial patterns of range contraction or 59 fragmentation exist in the dynamic biogeography of extinction events, however, 60 making it difficult to identify geographic areas or habitats where remnant populations 61 might persist Lomolino, 2000, 2002; Hemerik et al., 2006] . Tiny 62 remnant populations can also be very difficult to study or even detect using standard 63 ecological field techniques, meaning that alternative investigative methods may be 64 necessary to inform appropriate conservation activities. 65
Local ecological knowledge (LEK), representing experiential knowledge derived 66 from lived interactions with local environments, is often available for species of 67 conservation concern from untrained respondents who use the same environments 68 [Newing, 2011] . LEK is increasingly seen as an important source of data for 69 conservation, especially for distinctive large-bodied vertebrates such as primates 70 [Meijaard et al., 2011; Abram et al., 2015] , and can provide information about past 71 and present status of threatened species that may otherwise be challenging to study 72 [Anadón et al., 2009; Turvey et al., 2015b] . Community interview surveys can collect 73 large-scale LEK datasets across wide geographic areas, enabling assessment of 74 Turvey, 7 would be representative of wider patterns of LEK for each reserve while targeting 150 areas potentially likely to retain gibbons. We aimed to conduct a target number of 10 151 interviews per village to comply with predicted response saturation levels and capture 152 existing variation in responses [Guest, 2006] reserves, using chi squared tests (ethnicity) or univariate generalized linear models 214 (GLMs) using reserve as predictor and Gaussian error structure (age) or binomial 215 error structure with logit link function (sex, frequency of forest visits, occupation). 216
Nearly all respondents (89%, n=681) had always lived in their local village, so we did 217 not include the low variation associated with this parameter in subsequent analyses. 218
Our study framework then investigated whether variation in respondent 219 awareness or experience of primates was determined by variation in interview locality 220 (reserve) using multiple regression. Respondent awareness or experience of primates 221 was captured in 7 response variables: ability to identify photographs of either species; 222 experience of having seen either species; familiarity with standard Chinese name for 223 gibbon; ability to identify recording of gibbon call; and experience of having heard 224 Turvey, 10 gibbon call (all 0 or 1). Due to some significant variation in demographic parameters 225 between reserves (see Results), we were unable to control for these potential 226 influences on primate awareness and experience variables within a mixed model 227 framework. Instead, for each of the 7 response variables, we constructed full additive 228 multivariate GLM models (binomial error structure with logit link function), 229 including all 5 demographic variables and interview locality (reserve) as fixed effects. 230
We then applied a hypothesis-testing approach using step-wise model selection, 231 deleting the non-significant predictor variable with the highest P-value at each step 232 and model-checking to assess subsequent significance of changes in deviance 233
resulting from removal of terms [Crawley, 2007] . We then conducted the same GLM 234 hypothesis-testing approach at a finer spatial resolution for Bawangling, to investigate 235 whether variation in respondent awareness or experience of gibbons was determined 236 by variation between survey villages or respondent demographic characteristics. For 237 this analysis, we excluded the small number of reserve employees interviewed in 238
Bawangling town rather than in a local community (leaving n=97 respondents). 239
Bawangling-only models included only village, age, sex, and frequency of forest 240 visits, due to limited ethnic variation within villages around this reserve. We also 241 investigated whether perceptions about local primate status varied between species 242 using chi squared tests. 243
Finally, we investigated time-series data for primate last-encounter dates reported 244 from different reserves. We converted all records (gibbon and macaque sightings and 245 gibbon calls) to direct calendar years (Supporting Information), and used associated 246 location information to assign events to specific reserves for analysis. We pooled 247 gibbon sighting and call reports into a combined gibbon encounter dataset to increase 248 sample size. We analysed differences in last-encounter histories between reserves 249
Turvey, 11 during 1990-2015 using GLMs; frequency of last-encounter dates per reserve per 250 year was expressed as a proportion of total number of observations for each reserve's 251 encounter history dataset, and regressed on year (predictor), following Turvey et al. 252 [2012, 2015b] . We excluded the oldest 5% of records from the total datasets for each 253 species for each reserve from analysis, as a standardized approach to reduce the effect 254 of a long encounter data "tail" artefactually extending the time series used for analysis 255 [Turvey et al., 2015b] . We used a binomial error structure unless data showed 256 overdispersion, when a quasibinomial error structure was used. For each species, we 257 considered last-encounter history trajectories between reserves to be significantly 258 different if confidence intervals of regression slopes did not overlap; we used 83% 259 confidence intervals for comparison because these give an approximate α=0.05 test, 260 whereas comparisons using 2 sets of 95% confidence intervals are too conservative 261 until noon for 3 consecutive days. We employed call playback at both sites, using the 291 same Hainan gibbon calls described above and a FOXPRO 'Hellfire' (FOXPRO Inc. 292
Lewistown, Pennsylvania) portable speaker. We conducted playback twice daily for 293 10 to 15 minutes each time between 7:02 am and 11:15 am over 5 survey days. We 294 also recorded signs of human disturbance and other biodiversity at both sites. 295
296

RESULTS
297
Interview survey 298 Turvey, 13
We interviewed 709 respondents (Bawangling, n=107; Diaoluoshan, n=100; 299 Jianfengling, n=100; Jiaxi, n=101; Limushan, n=100; Wuzhishan, n=100; Yinggeling, 300 n=101; mean age=50.1, range=20-94, SD=15.3; male=83%, female=17%). Not all 301 respondents answered all questions, and we excluded data from 2 respondents at 302
Jianfengling because they claimed to have seen giant anteaters. Respondents reported 303 belonging to 4 ethnic groups (Li, 84%; Miao, 11%; Han, 4%; Zhuang, <1%; n=706); 304 due to low occurrence of Zhuang respondents (n=2), we considered only respondents 305 belonging to Han, Li and Miao ethnic groups in analyses of the influence of ethnicity 306 on responses. Most respondents (84%, n=706) were farmers, but a range of other 307 primary occupations was also reported; we assigned occupations to 2 categories for 308
analysis: "forest-related jobs" (9%, including rubber harvesters, loggers, and reserve 309 and forestry employees) and "non forest-related jobs" (91%, including farmers, 310 production managers, manual labourers, migrant workers, salespeople/shopkeepers, 311 fishers, teachers, and local party officials). Respondents reported frequency of forest 312 visits in a variety of ways; we assigned data to 2 categories, more than once/month 313 (29%) and less than once/month (71%) (n=707), as this represented a natural break in 314 the data, and different answers could generally be assigned to one of these relatively 315 broad categories. Univariate GLMs showed no significant differences between 316 reserves in respondent age profiles or reported occupations; we interviewed 317 significantly more men than women at Diaoluoshan (P=0.007), Limushan (P<0.001) 318
and Wuzhishan (P<0.001) compared to Bawangling, however, and respondents 319 reported visiting the forest significantly more frequently at Jiaxi (P=0.03) and 320 Limushan (P<0.001) than at Bawangling. There was also a significant difference in 321 relative proportions of ethnic groups represented in respondent samples between 322 reserves (χ 2 =146.26, df=12, P<0.001). 323 Turvey, 14 Overall, 54% of our total respondent sample could identify a gibbon photograph, 324 49% were familiar with the standard Chinese name for gibbon, 17% had reportedly 325 seen a gibbon, 15% could identify a recording of a gibbon call, and 17% had 326 reportedly heard the call (with some respondents reportedly having heard it without 327 knowing what it was) (Fig. 2) . At Bawangling, 74% of respondents could identify the 328 photograph, 65% were familiar with the name, 24% reported having seen a gibbon, 329 34% could identify its call, and 41% reported having heard the call. Most respondents 330 in our total sample who had seen gibbons and provided quantitative information on 331 number of sightings had seen the species only once (58%, n=84 Bawangling (P=0.025) (Fig. 2) . 380
Conversely, not only age (P<0.001) but also male sex (P<0.001) and Han 381 ethnicity compared to Li (P=0.030) and Miao (P=0.028) were associated with 382 increased likelihood of having seen macaques in our final models. Compared to 383
Bawangling, respondents were more likely to recognise macaques in Jiaxi (P=0.048), 384
and more likely to have seen macaques in Jianfengling (P<0.001), Jiaxi (P=0.006), 385
Limushan (P<0.001) and Yinggeling (P=0.004) (Fig. 2) . 386
For respondents interviewed around Bawangling, awareness and experience of 387 gibbons was also correlated with both demographic predictors and interview locality 388 (full final models not shown We collected a total of 119 gibbon last-sighting records, from all reserves 402 (Bawangling, n=31; Diaoluoshan, n=9; Jianfengling, n=17; Jiaxi, n=19; Limushan, 403 n=13; Wuzhishan, n=12; Yinggeling, n=18) (Fig. 3) . Nearly all represent first-hand 404 sightings, although there were also a small number (n=9) of second-hand records. (Fig. 3) . We also collected 433 macaque last-sighting records 422 (Bawangling, n=66; Diaoluoshan, n=58; Jianfengling, n=60; Jiaxi, n=75; Limushan,Turvey, 18 n=58; Wuzhishan, n=39; Yinggeling, n=77); latest records dated from 2015 for all 424 reserves (Fig. 3) . 425
Two respondents from Limushan, who were both familiar with macaques, 426 reported detailed and relatively convincing accounts of recent apparent gibbon 427 encounters in the reserve. One respondent reportedly saw a golden-yellow primate in 428 mid-March 2014, which had one long arm, short legs, and a "short tail" (described as 429 much shorter than the long tail of a macaque), and which he identified as a gibbon. 430
The same one-armed animal had also reportedly been seen by someone else 5-6 years 431 ago, and was believed locally to have lost its other arm through being shot about 10 432 years ago. Another respondent, a former village head, reportedly saw 2 greyish-black 433 gibbons at 8 a.m. in August 2012. These animals reportedly had short legs, arms that 434 were longer than a macaque's, but also "tails that were longer than a macaque's". This 435 respondent also reported that he had periodically heard an unusual animal call in the 436 forest, most recently in February 2014; he did not initially know what this call was, 437 but described it to his 91 year old father, a former hunter, who told him it was a 438 gibbon call. When we played call recordings to this respondent without prompting, he 439 showed a strong animated reaction to the gibbon call and confirmed this was the noise 440 he had heard. 441
Analysis of combined gibbon dated sighting and call records showed that 442 compared to Bawangling, Jianfengling, Wuzhishan and Yinggeling had significantly 443 lower regression slopes of encounter histories, whereas there was no statistical 444 difference in slopes between Bawangling, Jiaxi and Limushan ( Fig. 4a; Table 3 ). We 445 excluded Diaoluoshan from analysis of gibbon data, as only 2 local encounter records 446
were available for the period 1990-2015. Conversely, compared to Bawangling, 447
Diaoluoshan, Jianfengling and Limushan had significantly higher regression slopes of Turvey, 19 macaque sighting histories, whereas there was no statistical difference in slopes 449 between Bawangling, Jiaxi, Wuzhishan and Yinggeling ( Fig. 4b; Table 3 ). 450
451
Field survey 452
We detected no evidence of gibbons at either field site in Limushan during survey 453 work, and found that illegal hunting was common within the reserve, which was not 454 protected by any patrol teams. Survey teams heard 4 gunshots in 8 days and saw 8 455 hunters carrying guns at Sanxingjian, and heard 4 gunshots and saw 4 hunters 456 carrying guns at Yinggeao; survey teams were threatened by hunters at both sites. We accurate baseline data on the local status of arboreal primates, which has important 497 implications for using LEK as a tool to assess possible gibbon survival across Hainan.
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At Bawangling, the only reserve on Hainan which definitely contains gibbons and 499 which was established specifically to protect the species and its habitat [Chan et al., 500 2005], levels of reported gibbon awareness and experience were still not particularly 501 high. Only 74% of respondents could identify a gibbon photograph and only 65% 502 were familiar with the standard Chinese name for gibbon; ≤41% could identify or had 503 heard a gibbon call; and only 24% reported ever having seen a gibbon, with over 50% 504 of these sightings more than a decade old. Over 50% of respondents at Bawangling 505 were unaware of the local status of gibbons, and over 40% reported that gibbons did 506 not occur locally. There was also significant variation between communities around 507
Bawangling in levels of awareness of gibbons. Although we deliberately chose not to 508 ask questions about potentially sensitive behaviors such as hunting practices or 509 bushmeat consumption, and made further efforts to minimise the risk of respondent 510 reticence in our interview design, the possibility of such reticence cannot be ruled out; 511 these values should therefore be interpreted as minimum estimates of local awareness 512 and experience, and future community-focused studies in Hainan may benefit from 513 using interview techniques designed specifically to gather information on illegal 514 
